Abstract: HIV clinics formerly supported by the President's Emergency Plan for AIDS Relief are transferring patients to public-sector clinics. We evaluated adolescent linkage to care after a large-scale transfer from a President's Emergency Plan for AIDS Relief-subsidized pediatric HIV clinic in Durban, South Africa. All adolescents (11-18 years) in care at a pediatric statesubsidized, hospital-based clinic (HBC) were transferred, from May to June 2012, to government sites [primary health care (PHC) clinic; community health center (CHC); and HBCs] or private clinics. Caregivers were surveyed 7-8 months after transfer to assess their adolescents' linkage to care and their reports were validated by clinic record audits in a subset of randomly selected clinics. Of the 309 (91%) caregivers reached, only 5 (2%) reported that their adolescent did not link. Of the 304 adolescents who linked, 105 (35%) were referred to a PHC, 73 (24%) to a CHC and 106 (35%) to a HBC. A total of 146 (48%) linked adolescents attended a different clinic than that assigned. Thirty-five (20%) of the 178 who linked and were assigned to a PHC or CHC ultimately attended a HBC. Based on clinic validation, the estimated transfer success was 88% (95% confidence interval: 77%-97%). The large majority of adolescents successfully transferred to a new HIV clinic, although nearly half attended a clinic other than that assigned.
T o rapidly scale-up HIV services, the President's Emergency Plan for AIDS Relief (PEPFAR) initially partnered with private, hospital-based nongovernmental organizations, before a community-based, nurse-led HIV clinic model was adopted. 1, 2 No studies specifically assess HIV care decentralization in adolescents despite their unique care needs. [3] [4] [5] Our objective was to evaluate linkage of adolescents after a large-scale transfer from a state-subsidized hospital-based, PEPFAR-funded pediatric HIV clinic to the public sector in South Africa.
MATERIALS AND METHODS

Study Site
McCord Hospital was a state-subsidized, semiprivate hospital in Durban that became PEPFAR-funded in 2004. 6 The Sinkithemba HIV Clinic at McCord provided comprehensive pediatric care (<18 years) by a dedicated team of nurses, physicians, counselors and social worker for a subsidized monthly fee. 2 Stable adolescents were seen every 3 months. Due to loss of PEPFAR funding, the clinic closed in 2012 and all the patients were transferred to other facilities. 6 
Sinikithemba Transfer Process
Pediatric patients were transferred, from May to June 2012, if they presented for follow-up or a pharmacy refill. Adolescents 11-18 years who visited the clinic during this period were considered eligible.
At time of transfer, adolescents and their caregivers were counseled, provided 1 month antiretroviral therapy supply, and referred to a new clinic, based on care needs and residential address. In collaboration with Municipal and Provincial Departments of Health, patients were transferred to 3 types of government clinics: (1) primary health care (PHC) clinics that are small, nurse-run facilities; (2) larger community health centers (CHCs) that offer more medical services including occasional physician staffing and (3) hospital-based clinics (HBCs) that are physician-led and offer the most specialized HIV care, some with specific pediatric services. Few patients transferred to private clinics. Receiving clinics did not receive technical support from McCord.
Data Collection
A research assistant contacted the adolescent's caregiver via phone 7-8 months after transfer to inquire about their adolescent's HIV care, including which clinic they attended. Adolescents were categorized as having received care at the assigned clinic if attendance was reported at the original referral site or an alternate clinic if attendance at a different clinic was reported. After 3 failed phone attempts, a caregiver was considered unreachable. Caregivers gave verbal consent to have their adolescent's anonymized data used for research.
We selected a random sample of clinics to validate caregiver's report of the adolescent's first transfer clinic visit by examining clinic records, with the goal of validating at least 10% of visits. 6 Ten clinics were selected for the validation analysis; 2 were excluded because of incomplete records. We sought all adolescents assigned to or with reported attendance at a clinic.
Statistical Analysis
Characteristics of adolescents whose caregivers were reached or not reached were compared using the Fisher's exact test or Wilcoxon rank-sum test. Linkage was defined as at least 1 HIV clinic visit since transfer. Using validation data, we estimated the overall success of transfer ( Fig. 1 ). We used bootstrapping (10,000 iterations) to estimate the 95% confidence interval for the estimated linkage proportion. To remain conservative, we assumed that all unreached patients failed to link and drew validation probabilities from a beta distribution (1,000,000 samples) and estimated a 95% lower bound on the linkage proportion. Statistical analyses were performed using SAS 9.4 (Cary, NC) and R version 3.1.2 (www.r-project.org).
RESULTS
Transfer Cohort
A total of 341 adolescents had at least 1 HIV clinic visit during the transfer period (Fig. 1) . Median age was 13 years [interquartile range (IQR): 12-15] with 239 (70%) adolescents <15 years; 173 (51%) were female. The median baseline cluster of differentiation 4 (CD4) count was 219/mm 3 (IQR: 53-426) and the most recent median CD4 count before transfer was 619/ mm 3 (IQR: 446-889). The majority of adolescents were on an efavirenz-based regimen (n = 253; 76%) and their last measured viral load was undetectable (n = 259; 77%).
The caregivers of 309 (91%) adolescents were contacted (Fig. 1) ; 42% (n = 129) were the biological mother. Adolescents whose caregiver was reached had a significantly higher median most recent CD4 (637 vs. 480/mm 3 , P = 0.03), and were more likely to have an undetectable viral load when last measured (79% vs. 60%, P = 0.04) and to be on an efavirenz-based regimen (77% vs. 60%, P = 0.04). FIGURE 1. Adolescent HIV-infected transfer cohort, caregiver reported linkage to care and validation. This flow diagram shows the adolescent HIV-infected cohort that was transferred from a semiprivate, PEPFAR-subsidized clinic to the public sector. We display the proportion reached for telephone survey, the proportion that reported at least 1 clinic visit since transfer, and the proportions found at validation clinics. Estimated success of transfer: 
% , where F A is the proportion of patients found at the assigned clinic during validation; F SR , the proportion found at the alternate clinic during validation; R A , the overall proportion of patients who reported attending the assigned clinic and L, the proportion of patients reporting linkage to care among those contacted.
The majority of contacted caregivers reported their adolescent had at least 1 clinical visit since transfer (n = 304; 98%; Fig. 1 ). The median number of reported visits since transfer was 5 (IQR: 5-6). Of the 5 adolescents who did not link, 2 reportedly died, while another ran away.
Adolescents whose caregiver reported linkage were assigned to PHCs (n = 105; 35%), CHCs (n = 73; 24%) or HBCs (n = 106; 35%). Nineteen (6%) were assigned to private clinics; clinic type could not be determined for 1 adolescent. Among the 304 who linked, 158 (52%) transferred to the assigned clinic and 146 (48%) to an alternate clinic. Of the 178 adolescents who linked and were assigned to a PHC or CHC, 35 (20%) attended a HBC instead. Including those who presented to their assigned and to an alternate clinic, a total of 141 (46%) of the linked adolescents went to a HBC.
Validation of Caregiver Reported Clinic Visits
Of 8 validation clinics, 1 was a CHC and 7 were PHCs. There were 20 adolescents assigned to and whose caregiver reported attendance at 1 of the validation clinics; an additional 9 adolescents were assigned to nonvalidation clinics, but their caregiver reported attendance at a validation clinic. The 29 (9%) adolescents in the validation cohort did not differ from the rest of the cohort by age, sex, most recent CD4 and proportion with undetectable viral load (P > 0.05). The validation cohort had lower median baseline CD4 compared with the rest of the transfer cohort (124 vs. 233/mm 3 , P = 0.03). Of 20 adolescents with reported assigned clinic attendance, record was found for 18 (90%). Of 9 adolescents with reported alternate clinic attendance, record was found for 8 adolescents (89%). Based on this validation and the overall proportion of adolescents who reported attendance to the assigned clinic (52%), the estimated success of transfer was 88% (95% confidence interval: 77%-97%; Fig. 1 ). Under the conservative assumption that all unreached patients failed to link, we are 95% confident that the true linkage is at least 69%.
DISCUSSION
We report the mandatory transfer of an HIV-infected adolescent cohort from a PEPFAR-funded, HBC to the public sector. Of 91% of caregivers reached after transfer, 98% reported that their adolescent attended an HIV clinic. For adolescents whose caregivers were reached, the estimated overall success of transfer was 88% based on clinic validation. Many adolescents (48%) attended an alternate clinic.
Linkage to an HIV clinic for this transferred adolescent cohort was high, likely due coordinated efforts involving clinic leadership and the pediatric team at Sinikithemba. The estimated linkage of adults transferred from the same clinic was also high at 82%. 6 South Africa has proposed multiple strategies to scale up its HIV program, including supporting HIV care at PHC, nurse-run clinics.
2 Several adult and pediatric studies have reported favorable outcomes, including loss to follow-up and virologic suppression, in nurse-run PHC programs compared with HBCs, 7-9 although some have reported higher mortality at local clinics. 10 In the current study, a large number of adolescents were referred to and attended a HBC although they were on first-line therapy with high CD4 counts before transfer.
Caregivers surveyed at least 7 months after transfer reported their adolescent had a median of 5 clinic visits. However, to have a complete understanding of linkage to care after a mandatory transfer, longer follow-up time and clinic validation is needed to assess retention in care, adherence and treatment interruption.
We do not know why some adolescents referred to PHCs and CHCs ultimately attended HBCs; possibilities include geographic convenience, familiarity with HBC structure, availability of pediatric drug formulations, being turned away by the PHC or CHC and caregiver perception of better quality care. This may also reflect that certain HBCs are aware that HIV-infected adolescents have specific care needs given lower adherence and virologic suppression, higher rates of virologic rebound and specific psychosocial and developmental needs. 4, 5 Our study has a number of limitations. Adolescents who did not present for care during the transfer period were not included in the study cohort and may have been referred after the clinic closed. Approximately 9% of the caregivers were not reachable via phone, and we relied on caregiver report for linkage to care. We did not elicit the transfer and new clinic experiences of the caretakers and adolescents. The clinic validation process varied at the target sites because of different medical record systems and methods of patient identification. This cohort may not be representative of patients seeking care in government clinics because Sinkithemba patients paid a subsidized fee and were maintained in pediatric care until 18 years, beyond the usual age of transition to adult services in some clinics.
We found that most adolescents had a first HIV clinic visit after the rapid closure of a PEPFAR-subsidized HIV clinic. The largest number of adolescents with at least 1 reported clinic visit attended a HBC. Ongoing efforts to successfully decentralize the care of adolescents are needed as PEPFAR support of HIV programs transitions to the South African government.
